INTRODUCTION
The role of FDI in international technology transfer, including productivity spillovers from foreign to domestic firms, has been extensively discussed in the literature (see Caves, 1982; Helleiner, 1989 for surveys of FDI and technology transfer). In this discussion, many have argued that the contributions FDI can make are strongly dependent on several factors such as the motive of FDI, the nationality of FDI, absorptive capacity of the recipient countries, sectors, and firms, etc. However, empirical studies investigating the role of these factors in determining the existence, sign and magnitude of FDI spillovers either find inconsistent results or are still insufficient to draw unequivocal conclusions. Moreover, there could be other possible determinants of FDI spillovers that have not yet been identified in the growing literature.
In addition to the existing determinants of FDI spillovers, this article argues that local environmental (macro-economic) factors such as the economic development of the host province/region within a country, is also an important precondition for determining the nature and extent of productivity spillovers from foreign to domestic firms. However, there is ambiguity as to the expected influence of the economic development of the host province/region on the FDI spillovers. The rationale for this hypothesis stems from the belief that if the level of economic development of a province 1 , measured in terms of GDP per capita, can influence the development process of domestic firm-level technological capabilities (Lall, 1982) , then domestic firms in the low-income provinces may be, on an average, further away from the technology frontier (indicating a large technology gap) leaving a greater scope for catch-up and competitive effects (Findlay, 1978) , ceteris paribus. But, on the contrary, a large technology gap may limit the flow of FDI to low quality levels and hence lower the potential of FDI productivity spillovers to domestic firms in the lower developed provinces (Glass and Saggi, 1998) . Moreover, at low levels of economic development, domestic firms may not be in a better position to acquire the resources to either develop or fasten the development process of their technological capabilities thereby restricting or limiting the knowledge transfer from foreign firms, ceteris paribus. Nevertheless, provincial economic development may not systematically influence productivity spillovers from foreign firms and there may be other possible determinant(s) of the same.
To test whether and how the economic development of the host province/region influences the nature and extent of productivity spillovers from foreign to domestic firms, we use an unbalanced panel of 20,460 Chinese manufacturing firms operating in the entire economy over the period [2001] [2002] [2003] [2004] [2005] and employ both parametric and non-parametric econometric methods. This may be particularly relevant in the case of China given the considerable provincial heterogeneity with respect to factor endowments, level of economic development, infrastructure and institutional quality that may influence the scope for catch-up and absorptive capacity.
We contribute to the existing growing literature on the determinants of FDI spillovers in four important ways. First, we provide evidence on whether and how economic development of the host province within China determines the nature and extent of FDI spillovers. Second, by employing both parametric and non-parametric estimation techniques, we provide a better understanding of the underlying relation between local environmental (macro-economic) factors and FDI spillovers at the micro firm level. Third, we establish that productivity spillovers from foreign firms significantly differ not only across the 29 province, municipalities and autonomous regions of China (which can easily be interpreted as an industrial composition effect) but also across the 10 manufacturing sectors within each of the 29 provinces, municipalities and autonomous regions. These contributions can assist policy decisions regarding (1) the location and type of FDI that should be attracted to a host province; (2) the potential externalities of FDI to the host province and industry; (3) changing economic and industrial composition of the host province.
Our analysis yields three distinct conclusions. Firstly, provincial economic development does not systematically influence FDI spillovers. Second, the heterogeneity observed in FDI spillovers across the sectors within a province may be affected by a combination of both the characteristics of the sector within a province and the characteristics of the province itself. Third, the average spillover affect should be interpreted with caution as it might be misleading for a diverse country like China. In this context, we show that there exists substantial FDI spillover heterogeneity not only across the 29 provinces, municipalities and autonomous of China but also across the 10 sectors within each of the 29 provinces, municipalities and autonomous regions. For example, domestic firms, on an average, in the Jiangxi province in the central region experience an increase in their productivity by 1.6% when the foreign presence in the same sector and province increase by 10%. However, in the Jiangxi province, it is only in the transportation equipment sector that the productivity of domestic firms is influenced by the presence of foreign firms, i.e. domestic productivity increases by 9% when foreign investment in the sector increases by 10%. For the remaining 9 sectors in the Jiangxi province, domestic firms do not enjoy any significant spillovers benefits from the presence of foreign firms in their sector.
In section 1, we begin with a general discussion on the determinants of FDI spillovers and extend the same in section 2 by providing a simple framework on whether and how the interaction between domestic and foreign firms evolves with the local environment in which both of them operate. Section 3 describes the Chinese dataset and estimation methodology used. Section 4 discusses the main empirical findings. Section 5 concludes with some policy recommendation and room for future research.
RELATED LITERATURE
The role of FDI in stimulating economic/productivity growth through technology transfer in the form of new production processes and techniques, managerial skills, ideas, and new varieties of capital goods, at both aggregate and detailed level, has received enormous attention in the literature. Yet, empirical evidence to support the same is far from conclusive (see Gorg and Greenaway (2004) , Blomstrom and Kokko (1998) and Lipsey (2004) for a detail survey 2 ).
Apart from the standard problems associated with the use of appropriate comprehensive data and statistical methodology, literature argues that these inconclusive results may be because of a multiplicity of factors associated with the characteristics of FDI, in addition to those of the host countries, sectors and firms, to name a few (Crespo and Fontoura, 2007; Hermes and Lensink, 2003) .
For instance, some authors argue that FDI can stimulate economic growth when there is sufficient absorptive capacity in the host country (Borensztein et al., 1998; Balasubramanyam et al., 1996) , sector (Kokko, 1994; Sjoholm, 1999) and firm (Aitken and Harrison, 1999; Girma, 2003) . For example, Borensztein et al. (1998) reveal that FDI and human capital are complementary in the process of technological diffusion and that spillovers from FDI is only possible when there is a certain minimum, or 'threshold' level of human capital available in the host country. Sjoholm (1999) show that the FDI spillovers are found in sectors with a high degree of competition as the degree of competition affects the choice of the technology that is transferred to the MNE's affiliates and, hence, the potential for spillovers. Aitken and Harrison (1999) show that the (negative) spillovers are double or triple in size for small plants when compared to the large plants as small enterprises cannot compete as effectively with foreign entrants as their large domestic counterparts.
Other authors argue that the process of FDI spillovers may be influenced by the national origin from which the FDI emanates as different sources of FDI can be associated to several factors, such as culture, language, levels of technology, modes of technology transfer, distance, and the sectoral structures of FDI, among other aspects (Crespo and Fontoura, 2007; Banga, 2003; Girma, 2008) . For example, Banga (2003) finds that Japanese FDI is more likely to create spillovers for Indian domestic firms than US FDI. This is because of the difference in the levels of technologies and modes of transferring technologies between Japanese and US FDI in India.
Some authors stress that productivity spillovers from foreign firms have a circumscribed geographic dimension or, at least, that they decrease with distance (Audretsch, 1996) . This is because the channels of technological diffusion are reinforced at the regional level (Crespo and Fontoura, 2007) . For example, training of employees by MNEs and subsequent labour turnover is one of the main technologic transmission mechanisms (Fosfuri et al., 2001) . In this case, if regional labour mobility is really low (Greenaway et al., 2002) , then the expected likely benefits from MNEs will be experienced by local employers only. Similarly, demonstration effects may also be limited in space if firms closely observe and imitate other firms in the same region (Blomstrom and Kokko, 1998) . Vertical linkages are mainly regionally confined as direct contacts with local suppliers and distributors may be local so as to minimise transport costs and facilitate communication between suppliers/distributors and the MNEs. Lastly, competition effect is also enhanced at a more circumscribed scale, both in its positive and negative dimensions. In the context of FDI literature, distinction is sometimes made between FDI in the same sector and region and total FDI at the regional level. For example, Harris and Robinson (2002) and Haskel et al. (2002) consider aggregate regional FDI and fail to establish any beneficial effect from total FDI activities in the region. Girma (2003) argues that the aggregate regional FDI captures general agglomeration effect rather than intra-industry spillovers. By contrast, Girma and Wakelin (2001) and Driffield (2000) consider FDI in the same sector and region and find that there are positive aggregate productivity spillovers from FDI in the same sector and region.
Very few authors stress that the process of technological diffusion from foreign firms may also be influenced by the local environmental (macro-economic) factors in which both the foreign and domestic firms operate. For example, Ponomareva (2000) and Yudaeva et al. (2003) , Sgard (2001) and Jordan (2008) reveal that FDI spillovers depend on the educational level of the domestic labour force, the economic development level, and the economic reform progress of the host/province in which both the domestic and foreign firms operate. Meyer and Sinani (2009) argue that the host country's level of development in terms of income, institutional framework and human capital, influences FDI spillovers in a curvilinear way, taking a U-shaped form 3 .
FRAMEWORK
The previous discussion shows there may be several determining factors that may be important to promote productivity spillovers from foreign firms. Yet, we argue that one crucial determining factor has not received much attention in the literature, particularly in the case of China, that is, the role of external (macro-economic) factors such as the economic development level of the region/province in which both the foreign and domestic firms operate.
The importance of the external factors as a precondition for determining the nature and extent of productivity spillovers from foreign firms can be illustrated by a simple model which takes the form of a Cobb-Douglas production function where output (Y ) for a domestic firm i at time t is given by:
(1) where 0 < α < 1, L and K are the conventional labour and capital inputs, and A is the index of knowledge (or the level of technology) available to the domestic firm.
The model assumes that productivity spillovers from foreign firms (or FDI) influence the output of domestic firms through A, the level of technology. Hence the expression of A it is given by:
The underlying idea is that foreign firms not only utilize advanced technological process but also a more efficient organizational structure which in turn increases the efficiency of their production process. However, such knowledge about productivity improvements, even though kept secret, gradually leaks out and eventually becomes a common knowledge in the market in which both domestic and foreign firms operate. Hence, the spillover assumption is reasonable as knowledge regarding the productivity improvements are not only limited to the receiving affiliate of the foreign firms, but are also likely to spill over to the domestic firms that come in contact with the affiliates of the foreign firms. However, these spillovers are not automatic and it may take place through (1) imitation and/or demonstration-domestic firms imitate new technologies of foreign firms (Das 1987; Wang and Blomstrom, 1992) ; (2) competition-entrance of foreign firms leads to pressure on domestic firms to adjust their activities and to introduce new technologies (Wang and Blomstrom, 1992) ; (3) vertical linkages-spillovers through transactions between foreign and domestic firms (Smarzynska, 2002) ; (4) movement of labour-trained domestic labour can either move from foreign firm to an existing domestic firm or start new firms (Fosfuri et al. 2001 ) ; and/or (5) exports-domestic firms might learn how to penetrate the exports market either through collaboration or more likely through imitation, (Aitken et al. 1997 ).
Nevertheless, the existence, sign and magnitude of productivity spillovers from foreign firms depends on the external (macro-economic) factors of the host province, such as the level of economic development of the host province, in which both the foreign and domestic firms operate. However, the fashion in which these external factors might influence the nature and extent of productivity spillovers from FDI remains ambiguous. The rationale for this hypothesis stems from the belief that if the economic development of a province, measured in terms of GDP per capita, can influence also mirrored by Lall (1992) who states that external (macro-economic) forces can strongly influence the development process of firm-level technological capabilities.
the development process of domestic firm-level technological capabilities (Lall, 1982) , then domestic firms in the lowincome provinces may be, on an average, further away from the technology frontier (indicating a large technology gap) leaving a greater scope for catch-up and competitive effects (Findlay, 1978) , ceteris paribus. Hence domestic firms in low-incomes provinces may enjoy greater productivity spillovers from foreign firms. On the contrary, a large technology gap may limit the flow of FDI to low quality levels and hence lower the potential of FDI spillovers to domestic firms in the lower developed provinces (Glass and Saggi, 1998) . Moreover, at low levels of economic development, domestic firms may not be in a better position to acquire the resources to either develop or fasten the development process of their technological capabilities thereby restricting or limiting the knowledge transfer from foreign firms, ceteris paribus. Nevertheless, provincial economic development may not systematically influence FDI spillovers and there may be other possible determinant(s) of the same.
The model assumes that productivity spillovers from foreign firms not only have a circumscribed provincial range but are more pronounced within provincial industrial clusters in China, as shown, for example, in Hseih (2006) and Girma (2008) . Moreover, it assumes the distinguishing spillovers from foreign firms that originate from HMT and other countries (non-HMT), as shown, for example, in Girma (2008), Wei and Liu (2006) , Huang (2004) and Hu and Jefferson (2002) .
Thus, in conclusion, FDI and the external (macro-economic) factors of the host region/province are complementary with respect to promoting the process of technological diffusion from foreign to domestic firms, thereby raising the productivity of domestic firms. This hypothesis can be tested empirically, which will be the focus of the next two sections.
DATA AND METHODOLOGY
The dataset employed in this paper is drawn from the annual accounting reports taken from the Oriana database compiled by Bureau Van Dijk. It covers over 20,000 manufacturing firms for the period 2001 to 2005. These firms consist of few small firms, where the annual revenue from sales is over Yuan 1 million, and many large firms, where the annual revenue from sales is over Yuan 5 million. In terms of value added, these manufacturing firms represent, on an average, approximately 35 percent of the total manufacturing output in China. In terms of employment, they represent approximately 18 percent of the total manufacturing employment in China.
The dataset contains information on value added, employment, input costs, foreign ownership, geographic location, establishment year, total tangible fixed assets, sectoral affiliation and exporting sales. Interestingly, the firm ownership variable provides information on the extent of foreign capital participation (distinguished between foreign investors from Hong Kong Macau and Taiwan, HMT, and other non-HMT foreign countries). Using this information on ownership, a firm is identified to be foreign owned if the foreign participation is at least 25 percent 4 . Since observations refer to firm-years, firms are allowed to switch across ownership categories each year. Accordingly, 37-40 percent of firm-year observations are classified as foreign firms while the remaining is classified as domestic firms. Foreign firms are, on an average, larger in size in terms of value added and more productive in terms of value added per worker when compared to their domestic counterparts. 5
The methodology for the empirical analysis in this article closely follows the FDI spillover literature. In particular, assuming the above model (1) to be linear in logs after substituting for A it from equation (2), the regression analysis for the unbalanced panel of domestic firm i at time t is specified as follows:
where real value added, number of employees and the real value of tangible fixed assets are used to measure log output Y it , log labour L it , and log capital K it . The parameters α,γ on L it and K it measure the output elasticities of labour and capital respectively. To take into account the fact that FDI spillovers not only have a circumscribed geographic range but are also more pronounced within geographical industry clusters, the analysis focuses on aggregate provincial FDI (Province-FDI) and FDI in the same sector and province (Industry-Province-FDI).Province-FDI (FDI pt ) is defined as the amount of value added accounted for by foreign firms within a province. On the other hand, Industry-Province-FDI (FDI jpt ) is defined as the amount of value added accounted for by foreign firms in an industry in a province.To the extent that the productivity advantages of foreign firms spills over to domestic firms, the parameter β (which also measures the output elasticity of FDI) on FDI pt/ j pt should be positive. To separate productivity spillover affects based on the ownership of FDI, FDI pt/ j pt is further divided into FDI HMT pt/ j pt (amount of value added accounted for by foreign firms that originate from Hong Kong, Macau and Taiwan) and FDI OC pt/ j pt (amount of value added accounted for by foreign firms that originate from other countries, i.e. non-HMT). In addition, sectoral dummies D j and provincial dummies D p are included to control for time-invariant productivity differences across the ten manufacturing sectors (Aitken and Harrison, 1999) and 29 provinces, municipalities and autonomous regions of China. Firm dummies f i are also included to control for unobserved time-invariant firm specific effect. Lastly, e it denotes an idiosyncratic error term with iid (independently and identically distributed) properties.
To test whether or not host province's economic development systematically influence the nature and extent of productivity spillovers from foreign to domestic firms, we employ both parametric and non-parametric estimation techniques.
We believe that the estimation of specification (3) is less likely to suffer from reverse causality for two reasons. First, the focus of the study is to determine the nature and extent of technological spillovers from foreign to domestic firms in the same sector and province. For this purpose, the sample is limited to domestic firms only. Therefore, our analysis might be less subject to the reverse causality problem that occurs when comparing foreign and domestic firms where foreign firms may choose to invest in those sectors and/or provinces where domestic firms already perform better (Hale and Long, 2006) . Second, Poncet et al. (2010) argues that when the dependent firm-specific variable (Y it in our case) is regressed on variables defined at the aggregate level (FDI pt/ j pt in our case), then reverse causality is not likely as it is unlikely that a firm shock translates into a change in the aggregate level variables.
as Wei and Liu (2006) , Blake et al. (2009) , also use 25 percent of equity capital invested by foreigners as the threshold to distinguish between foreign and domestic firms. 5 Further information available on request.
RESULTS

Baseline Specification
The analysis starts by estimating the base equation (s), that is, the conditioning influence of host province's economic development on FDI spillovers is not yet taken into consideration in the regression models. The results of these estimations are presented in table 1 below where column 1 and 2 represents results for Province-FDI (scenario 1) and column 3 and 4 for Industry-Province-FDI (scenario 2).
For both scenarios, estimated coefficients on capital and labour are positive and statistically significant suggesting that both physical capital and labour force are important factors in the firm's production.
However, when the estimated coefficients on the FDI variable is taken into consideration, contrasting results are observed. The point estimates for the FDI variable in the 'Province-FDI' regression reported in column 1 is positive but statistically insignificant suggesting that the productivity of domestic firms is not affected by the presence of foreign firms in the same province 1 . These results are consistent with the findings reported by Harris and Robinson (2002) who, while estimating a Cobb-Douglas production function on the UK domestic firms for the period 1974-1995, also fails to establish any beneficial effect from aggregate regional FDI.
On the other hand, the point estimate for the FDI variable in the 'Industry-Province-FDI' regression reported in column 3 is positive and significant, although smaller in magnitude. The results imply that an increase of 10% in foreign investment in the same sector and province, increases domestic firms' productivity by 0.31%. 6 These results are consistent with the results reported by Hseih (2006) who, while estimating a Cobb-Douglas production function on all state and non-state Chinese manufacturing plants for the period 1998 to 2004, also finds little evidence that an increase in the share of foreign investment in the same sector and province, from 0 to 10 percent leads to an increase in the domestic productivity between 0.31 to 0.34 percentage points.
But when foreign firms are separated based on their ownership, it is seen that the coefficient estimates for FDI HMT for both Province-FDI and Industry-Province-FDI in column 2 and 4 are statistically insignificant suggesting that there no domestic productivity gain associated with the presence of FDI coming from HMT. These results are fairly intuitive given that majority of FDI coming from HMT is subject to the round-tripping problem (Wei and Balasubramanyam, 2004) . Nevertheless, previous econometric studies such as Girma and Gong (2008) also provide support to the fact that foreign investments coming from HMT do not benefit domestic firms in the same sector and region. When the estimated coefficient on FDI OC is taken into consideration, it is seen that although the estimates are consistent in terms of sign and significance across both the scenario, they are observably different in terms of their magnitude. It is seen that the point estimate for FDI OC in the Industry-Province-FDI regression, i.e. 0.02 reported in column 4, is smaller than the point estimate for the same in the Province-FDI regression, i.e. 0.04 reported in column 2. However, such a difference in the magnitude of the coefficient estimates on FDI OC is expected as 'FDI in a sector and province' is a smaller concept than 'FDI in a province'. Hence, the result implies that productivity of domestic firms increases by 0.4% when foreign presence in a province increases by 10 percent while domestic productivity gain is only 0.2% when foreign presence in a sector and province increases by 10 percent.
Besides intra-industry spillovers from FDI OC within a province, i.e. 0.02, is reported (in column 4) as half of the total (intra-and/or-inter) spillovers from FDI OC, i.e. 0.04, within a province (in column 2), it can be concluded that the remaining half, i.e. 0.02, implicitly constitutes the inter-industry spillovers from FDI OC within a province.
A Wald test of equality on the coefficient estimates of FDI OC and FDI HMT reported at the bottom of the table indicates there is a significant difference in the magnitude of the coefficient for FDI HMT and FDI OC for scenario1 but there is no significant difference for scenario 2. These results are consistent with the results obtained by Wei and Liu (2006) who also finds that spillovers from FDI OC and FDI HMT significantly differ in the Province-FDI regression but they do not in the Industry-Province-FDI regression. The remaining empirical analysis in this article will ignore FDI from HMT (as the outcome in table 1 shows that domestic firms do not benefit from the presence of FDI from HMT) and focus on FDI that originate from other countries (non-HMT). 7
As explained above the main aim of the article is to empirically investigate the hypothesis that host province's economic development systematically influences the nature and extent of productivity spillovers from foreign to domestic firms. Therefore, the next section discusses the results for the three different approaches which include (1) linear (and continuous) interaction term; (2) exogenous sample splitting; and (3) endogenous threshold model by Hansen (1999) , adopted in this article at length.
Provincial Economic Development And FDI Spillovers
Linear (and continuous) interaction term.
The results from the linear interaction model are presented in table 2 where column 1 and 2 represents results for scenario 1 and column 3 and 4 for scenario 2 respectively. Since a statistically significant F-test, likelihood ratio test and LM test/Score test reported at the bottom of the table suggest that the model with all the constituent terms of the interaction term is a better fit model; the discussion below will focus on the results reported in column 1 and 3 for scenario 1 and 2 respectively. We see that the estimated coefficients on the interaction term (FDI pt/ j pt * GDPpc) reported in column 1 and 3 are negative and statistically significant at one percent level suggesting an inverse relationship between the level of provincial economic development and the presence of FDI OC 8 . In other words, the negative coefficient implies that for domestic firms in the higher developed provinces, there are less or may be even negative spillovers from the presence of FDI OC, -in contrast to domestic firms in the lower developed provinces. The result is fairly intuitive and finds support in the ideas proposed by Findlay (1978) and Lall (1992) where they discuss the importance of 'catchingup' hypotheses and 'environmental factors' in explaining technological diffusion from foreign to indigenous firms. Based on their proposed line of argument, one would expect that domestic firms in the lower developed provinces, on an average, to be further away from the technology frontier as external forces such as provincial economic development can strongly influence the development process of domestic firm-level technological capabilities. Hence domestic firms in the lower developed provinces will have a greater scope for catch-up leaving more room for technological diffusion from the presence of FDI OC to the domestic firms in the lower developed provinces.
Moreover, the estimation below allows the identification of the threshold value of GDPpc where the productivity enhancing effects of FDI OC switches from being positive to negative. In this respect, it is seen that the presence of FDI OC has a positive but declining productivity growth effects up to GDPpc of Yuan 18983.2 (100 million) for the 'Province-FDI' regression and Yuan 22380 (100 million) for 'Industry-Province-FDI' regression. Beyond these threshold values of GDPpc, one would expect an increasingly negative growth effect from FDI OC.
One of the major limitations of a simple linear (and continuous) interaction effect model is the strong assumption that FDI spillovers monotonically decrease with provincial economic development it imposes. However, it might be the case that the Cobb-Douglas production functions are not identical across all the observations in the sample and they fall into discrete classes. Hence it would be more credible to argue that the domestic productivity gain associated with the presence of FDI OC may be different for groups of provinces with different levels of economic development. Accordingly, one would expect that domestic firms in the 'lower' developed provinces will tend to have greater positive spillover benefits from FDI OC, -in contrast to the comparable ones in higher developed provinces, all other things being equal. Such thresholds between 'higher' and 'lower' developed provinces might by either exogenously imposed upon the data or identified endogenously within the data itself. Exogenous sample splitting.
The results for what effectively splits the sample of provinces into "higher" and "lower" developed provinces based on the two different strategies which include (1) taking the year averages 9 ; and (2) standard definition that is widely used in the literature 10 , are reported in table 3, where column 1 and 3 represents results for scenario 1 and column 2 and 4 for scenario 2 respectively.
Contrasting results are observed across the two scenarios when FDI spillovers in the classified 'higher" and 'lower" developed provinces are taken into consideration.
Consider scenario 1. It is seen that the pattern of results is robust to the fashion in which the sample of provinces is split. The estimated coefficient on the interaction term (FDI pt * Develop) reported in column 1 and 3 is large in magnitude, negative and statistically significant. The large negative coefficient suggest that for domestic firms in the higher developed provinces, there are less or may be even negative spillovers from the presence of FDI OC, -in 9 Provinces are divided into higher and lower developed based on the following development status ratio (DSR):
where p=1,2,3,..30.
Provinces that have a DSR of at least 1 are classified as higher developed provinces and provinces that have a DSR of less than 1 are classified as lower developed provinces. Accordingly Beijing, Fujian, Guangdong, Hebei, Jiangsu, Liaoning, Shandong, Shanghai, Tianjin Zhejiang, and Heilongjiang are classified as higher developed provinces while the remaining 18 provinces are classified as lower developed provinces. 10 According to the standard definition widely used in the literature (Buckley et al., 2002) , Beijing, Fujian, Guangdong, Jiangsu, Liaoning, Shandong, Shanghai, Tianjin, Zhejiang, and Hainan, are classified as higher developed provinces while the remaining provinces in the central and western region are classified as lower developed provinces. contrast to domestic firms in the lower developed provinces. The result is fairly intuitive and confirms the results of linear (and continuous) interaction term. Now consider scenario 2. It is seen that the pattern of results is not robust to the fashion in which the sample of provinces is split. When the sample of provinces is split based on the year averages, it is seen that the estimated coefficient for the interaction term (FDI j pt * Develop) reported in column 2 is positive but statistically insignificant suggesting that domestic productivity gain associated with the presence of FDI OC do not differ significantly across the higher and lower developed provinces. Then what would matter are possibly the other regional characteristics of the province such as quantity and quality of human capital available, quality of infrastructure, etc, or the characteristics of sector in the province or it may be affected by a combination of both the characteristics of the sector within a province and the characteristics of the province itself. The details are discussed at length later.
However, when the sample of provinces is split based on a pre-conceived definition, it is seen that the estimated coefficient for the interaction term (FDI j pt * Develop) reported in column 4 is negative and statistically significant. The negative coefficient suggest that domestic firms in the higher developed provinces benefit less or even negatively from the presence of FDI OC, -in contrast to domestic firms in the lower developed provinces. In this case, the catch-up hypothesis applies.
We find that the contradictory story that emerges for scenario 2 is because of the fashion in which the sample is split 11 . The exogenous sample splitting discussed above shows that for domestic firms in the higher developed provinces, there are less or may be even negative spillovers from the presence of FDI OC,-in contrast to domestic firms in the lower developed provinces. This conclusion strongly holds for scenario 1. However, for scenario 2, it only holds when the sample is split based on a standard definition adopted in the literature. This suggest that the results are not only sensitive to the manner in which the sample is split but also there exist multiple break points for which advanced econometric needs to be applied to explore the same.
Since the parametric model discussed above does not provide any consistent direction in the productivity growth-FDI relation, the next section discusses the results based on the non-parametric endogenous threshold model proposed by Hansen (1999) for modeling threshold effects.
Endogenous threshold model.
Spurious results are obtained from estimating an endogenous threshold model proposed by Hansen (1999) . 12 This is because of the following reasons. Firstly, the model developed by Hansen (1999) for identifying thresholds has not been developed for thresholds for more than two while the model identifies six thresholds when implemented on the data at hand. Secondly, the estimated confidence interval identified for some of the estimated thresholds is the estimated threshold itself, for e.g. if the estimated threshold identified is 4.396013, then the estimates confidence region identified for the threshold estimate is also 4.396013 4.396013. The precisely estimated criterion for some of the estimated thresholds indicates that the threshold is very precisely estimated which is in itself spurious. This is because a threshold model can be viewed as an approximation to a general non-parametric model and if the underlying function is not a simple threshold, but highly nonlinear, the data may try to fit a model with a large number of thresholds in order to capture the underlying nonlinearity. Hence, the distribution theory behind the endogenous threshold model proposed by Hansen (1999) might not provide useful guidance when the data is highly non-linear.
Hence, we conclude that when advanced econometric technique is applied, the conditioning role of provincial economic development in ascertaining the nature and extent of FDI spillovers becomes uncertain, and this holds for both Province-FDI and Industry-Province-FDI.
Heterogeneity of FDI Spillovers
Given that host province's level of economic development does not provide any consistent support for determining the nature and extent of FDI spillovers, we explore whether or not productivity spillovers from FDI significantly differ not only across the 29 provinces, municipalities and autonomous regions of China but also across the 10 industries within each of the 29 provinces, municipalities and autonomous regions in China. The results are discussed at length in turn below.
Across the 29 province, municipalities, and autonomous regions of China.
The estimated coefficients for FDI OC 13 reported in table 4 suggests that, for both the scenarios, the existence, sign and magnitude of productivity spillovers from FDI OC substantially differs across the 29 provinces, municipalities 12 The model was estimated using the algorithm given in Matlab by Hansen (1999) . Both the exogenous sample splitting and continuous linear interaction term were also conducted on a balanced panel. However, the patterns of results (on the balanced panel) are similar to the pattern of results reported in this article on an unbalanced panel. All the results can be obtained from the author. 13 To obtain the estimated coefficients on FDI OC for each of the 29 provinces, municipalities and autonomous regions in China for both the scenarios, test of the following linear combination is performed:
and autonomous regions in China.
For example, consider scenario 1, the results of which are reported in column 1. It is seen that, with an increase in FDI OC by 10%, domestic firms in Zhejiang, Shanghai, Tianjin and Beijing in the coastal region, and Xinjiang in the western region, experience a decline in their productivity by 1.12%, 1.43%, 4.4%, 3.03% and 1.57% respectively. On the contrary, domestic firms in Shandong, Liaoning in the coastal region, Anhui and Hubei in the central region, and Sichuan, Guangxi, Neimenggu, and Ningxia in the western region, experience an increase in their productivity by 0.5%, 2.77%, 3.03%, 1.4% 4.9%, 8.5%, 1.9%, 1.04%, and 1.53% respectively when FDI OC in these provinces increases by 10%. Now consider scenario 2, the results of which are reported in column 2. It is seen that, with an increase in foreign presence by 10% in the same sector and province, domestic firms in Zhejiang in the coastal region, and Sichuan and Ningxia in the western region, experience a decline in their productivity by 0.6%, 0.05% and 3.94% respectively. On the contrary, domestic firms in Hebei and Liaoning in the coastal region, Anhui and Jiangxi in the central region, and Guangxi and Neimenggu in the western region, experience an increase in their productivity by 0.9%, 1.6%, 0.4%, 2%, 1%, 1.8% respectively when the foreign presence in the same sector and province increases from by 10% respectively.
Moreover, the estimated spillovers from FDI OC for each of the 29 provinces, municipalities and autonomous regions are also statistically different from each other. 14 Across the 10 industries within each of the 29 provinces, municipalities and autonomous regions.
The estimated coefficients for FDI OC 15 reported in table A.1 in the appendix suggests that the existence, sign and magnitude of FDI spillovers substantially differs across the 10 manufacturing sectors within each of the 29 provinces, municipalities and autonomous regions in China. For example, domestic firms in the food, drink and tobacco industry in the Shandong province enjoy positive spillover benefits from foreign investment when compared to their counterparts in the remaining industries in the province. Similarly, domestic firms in the food, drink and tobacco sector and electrical, machinery and computer equipment sector in the Shanxi province receive negative spillovers from the presence of FDI OC when compared to their counterparts in the remaining industries in the province.
Moreover, the estimated productivity spillovers from FDI for each of the 10 manufacturing sectors within each of the 29 provinces, municipalities and autonomous regions are also statistically different from each other. 16 This spillover heterogeneity observed across the sectors within each province may not solely be because of the where D p =1,2,,29.
14 The results can be obtained from the author. 15 To obtain the estimated coefficients on FDI OC for each of the 10 manufacturing sectors, test of the following linear combination is performed for each of the 29 provinces, municipalities and autonomous regions in China:
Where D j =1,2,,10. characteristics of the province such as the level of economic development, etc, or the characteristics of the sector within a province such as government policies towards the sector in a province, sectoral agglomeration within a province, etc, but it may be affected by a combination of both the characteristics of the sector within a province and the characteristics of the province itself. This proposed argument also finds partial support in the arguments proposed by Chen (2008) who also emphasizes the need to consider institutional factors in a province to determine why specific foreign investment are attracted to certain specific provinces in China and not just China. To do so he proposes to examine how provincebased assets are organized historically by various agencies in the province so as to understand how and why the co-development between MNEs global innovation networks and local knowledge economies occurs.
For instance, take Beijing. Chen (2008) shows that Beijing not only ranks number one in the concentration of higher education facilities, teachers and student enrollment but also ranks number one in the concentration of R&D personnel, including teachers, researchers and R&D staff. This has led to the emergence of a highly skilled workforce in Beijing whose technological expertise spans a wide spectrum. Chen (2008) emphasizes that it is this availability of high quality specialized engineers and not just the abundant quantity of generic engineers that differentiates Beijing from the rest of China, and for that matter from the rest of the world. For example, excerpts from an interview with the manager at Agilent by Chen (2008) reveals that the decision to locate Agilent Labs in Beijing was strongly influenced by the presence of the existing Agilent development team and also the availability of high-caliber optical scientists and engineers. Moreover, Chen (2008) emphasizes that it is Beijing's high entrepreneurial culture that differentiates Beijing from the rest of China. Interviews conducted by Chen (2008) shows that it is the entrepreneurial spirit in Beijing over the last two decades that has played the most important role in cultivating a highly motivated and risktaking culture among the motivated engineers and scientist in Beijing. Moreover, given the economic structure of Beijing, FDI involving high quality levels are attracted to the municipality. Since the highly motivated and skilled workforce in Beijing are excellent in basic research but have little or no experience and knowledge about industrial production, Beijing has seen an emergence of global and domestic R&D centres along with high-tech production, and most of the mundane manufacturing activities have departed from Beijing to the southern coastal provinces such as Guangdong and Fujian. Moreover, given the economic structure of Beijing, most of the domestic also have their R&D centres in Beijing or probably are into those manufacturing sectors that require advanced production techniques. Hence, it is seen that domestic firms in Beijing do not benefit from the presence of foreign firms even though Beijing is one of the highest developed provinces for the period 2001-2005 as the economic and industrial structure of Beijing is such that it is not anymore conducive for conducting mundane manufacturing activities.
CONCLUSIONS
The paper examines whether and how provincial economic development, measured in terms of GDP per capita, affects the nature and extent of First, we find that provincial economic development, measured in terms of GDP per capita, does not systematically influence FDI spillovers. This conclusion is based on the evidence that despite of there being an apparent inverse relationship evident from an exogenous sample splitting and interaction term methodology, the role of provincial economic development in ascertaining the existence, sign and magnitude of domestic productivity associated with the presence of foreign presence from other countries is very uncertain when the endogenous threshold model is applied. This conclusion is in contrast to the findings reported by Meyer and Sinani (2009) who find that host country's level of development influences FDI spillovers in a non-linear way, taking a U-shaped form. Nevertheless, these findings should be interpreted with caution as we have shown that results reported from parametric estimation techniques can be misleading and hence studies should advance from parametric estimation techniques to non-parametric ones as it might give a more accurate explanation on why firms in the lower developed provinces benefit more from foreign presence as compared to their counterparts in the higher developed province.
Second, we show that spillover heterogeneity observed across the sectors within a province may not solely be because of the characteristics of the province such as the economic development level, etc, or the characteristics of the sector within the province such as government policies towards the sector in a province, sectoral agglomeration within a province, etc, but it may be affected by a combination of both the characteristics of the sector within a province and the characteristics of the province itself. Hence, one can conclude that both the industrial composition at the provincial level and province-specific characteristics does dictate the benefits which domestic firms enjoy from the entry and presence of MNEs and MNE-related activities. However, the average spillover effect reported by previous studies should be interpreted with caution as it might be misleading for a diverse country like China. In this context, the study shows that there exists substantial spillover heterogeneity not only across the 30 provinces of China but also across the Policy makers in China could pay more attention to understanding the disaggregated drivers of the level of economic development of a province, which, in this context, would mean identifying the level and growth of foreign investment in sectors within a province rather than identifying the level and growth of foreign investment in just a province. This is essential as it would signal the changing industrial and economic structure within a province which might facilitate the diversion of those sectors that may prove beneficial in the long run. Hence policies should be such that they meet this changing economic and industrial composition of a province so that they benefit from the entry and presence of MNE and MNE-related activities within a province.
Given that the economic development path for each of the 30 provinces, municipalities and autonomous regions in China has been very diverse since the opening up of the economy in 1978, policy makers need to understand that the economic and industrial transformation for each province might differ significantly. This would mean that the changing economic and industrial structure for say Beijing might differ from the changing economic and industrial structure for say Shanxi. Therefore, policy makers in China could consider this changing difference in the economic and industrial structure across the provinces and design policies to attract those industries within a province such that they meet the requirements of both sector-specific provincial characteristics and characteristics of the province itself. Although there are some policies such as 'Catalogue of Priority Industries for Foreign Investment in the Central-Western region (Amended in 2004)', also amended in 2008, which provides details of specific sectors that are encouraged in specific provinces, for instance, the policy encourages the plantation of forage grass, feed stuff and crops and deep processing thereof in Shanxi province while it encourages the development, breeding and processing of Changbaishan ecological edible resources in Jilin province; and other policies such as 'Catalogue of Priority Industries for Foreign Investment in Liaoning (2006), such policies designed should be such that they meet the requirements of both the changing economic and industrial transformation of the province as well as the historical economic and industrial structure of the province.
There is some room for future research. First, a systematic empirical evaluation of other dimensions of economic development other than the income level of a host province such as human and institutional developments of a province can be undertaken. Second, if more data is made available concerning foreign participation in other industries, besides the manufacturing industry, then future research can be directed in determining the impact of foreign presence on domestic productivity gain in these industries. Third, future research can incorporate the findings of recent empirical research which shows that ownership structure of domestic firms in China is also very important in determining the existence, sign and magnitude of domestic productivity gain from foreign investment. Fourth, more flexible production functions such as constant elasticity of substitution (CES) can be explored in the future. Fifth, dynamic behaviour of firms can be taken into consideration and future research can move from estimating a one-period model to estimating a two-period model. 
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